two per cent of fifteen hundred school children in Manches ter, England, suffering from tuberculosis of the middle ear. The disease is probably of far greater frequency than our statistics show, and the true diagnosis is often mistaken because its onset is so insidious that attention is not early called to the condition and no observation is made. More over, when the case presents itself the condition usually has passed from that of a pure tuberculous process and become a mixed infection, the symptoms of the suppurative condition masking the true nature of the initial disease. The careless manner of classifying all discharging ears as suppurative otitis media without recourse to the micro scope or inoculation tests is unfortunate.
The one essential factor for the development of tubercu losis is, of course, the tubercle bacillus, but there are many other etiologic elements that deserve brief mention. Heredity, for so long regarded as playing such an important rôle in the production of the disease, has been relegated to the background. Inherited tuberculosis does occur, but is extremely rare, and Ravenel says that there are but twenty-five well authenticated cases in the literature. That which may be inherited is a susceptibility and predisposi tion to infection by the tubercle bacillus, which being ubiquitous is most apt to gain a foothold.
MODE OF ENTRY.
Owing to the great frequency of pulmonary tuberculosis, it was long believed that the bacilli were simply inhaled with the inspired air and promptly found lodgment in the lungs. But facts, both clinical and experimental, are con stantly accumulating, which prove that the digestive tract is an important, if not the most important, avenue of entry for the tubercle bacilli.
The tonsils may often be a portal of entry for the organ ism ; whence, owing to the rich lymphatic supply, infection may spread to the bronchial and mediastinal glands, and thence to the lungs. A point which complicates the under standing of the portal of entry of the tubercle bacillus is cases, he found : Again, it must be emphasized that the location of the lesion does not indicate the portal of entry, and especially is this true in intestinal infection, as it has been shown by many that the mucous membranes of the various parts of the body can be penetrated by the tubercle bacillus without previous injury and without demonstrable lesion.
Calmette, from his studies, concludes that pulmonary tuberculosis, acquired at any age, may be due to recent intestinal infection. Schlossman and Engel have shown that when tubercle bacilli in milk or cream are injected into the stomachs of young guinea pigs through an incision in the abdominal wall, they reach the lung ih a few hours, as proven by killing the animal and inoculating others with portions of the lung. Cases of human infection with bovine bacilli can be assumed to be of intestinal origin, as the chances for inhalation of bovine bacilli by human beings are extremely slight.
The results of work done with the object of establishing inhalation infection experimentally, such as causing dogs and guinea pigs to breathe air saturated with dr^ed sputum containing tubercle bacilli, are open to the very grave ob jection that no attempt was made to close the esophagus, and it is certain that some of the bacillus-laden dust was swallowed. However, Findel, working with Fluegge, has infected dogs and a calf by blowing a spray of bovine bacilli into the trachea, which had previously been opened. At autopsy tuberculosis of the lungs was found, while the ton sils, cervical, retropharyngeal and mesenteric glands were free from the disease, both macro-and microscopically. In that the location of the primary lesion, on which so much stress has been laid, does not indicate with certainty the point of entrance of the invading organism.
The figures of Harbitz are as instructive as any to be found. In his report, based on one hundred and" seventeen addition, Nenninger has shown that when rabbits are forced to breathe air laden with the bacillus prodigiosus, cultures can be recovered from the finest bronchi. With these experimental facts at hand, the occurrence of inhala tion infection cannot be gainsaid.
In general, then, it may be said that infection through the alimentary tract unquestionably occurs in a large pro portion of cases. In children, especially, it occupies a posi tion almost, if not quite, as important as respiratory infec tion. It must be understood, however, that the source of intestinal infection is not always food-dust, reaching the upper air passages, is often swallowed in the saliva and nasal secretion. The frequency, however, with which bovine tubercle bacilli have been found in children, show that their food is often responsible for the infection.*
The middle ear must be regarded as belonging anatomi cally and bacteriologically to the upper respiratory tiact, as insisted upon by Goldstein, 11 who considers primary tulerculous infection of the middle ear of respiratory rather than of alimentary origin.
Quoting from Schenorl : "At the present time the gen eral opinion seems to be that while the hematogenous and lymphogenous origin of instances of nonmiliary pulmonary tuberculosis cannot be denied, the disease, in the large majority of cases, originates from a primary, air-borne infection of the lungs."
ETIOLOGY.
Underlying conditions which act as predisposing fac'-er;to tuberculous infection exert an influence, remote or imme diate, and acquire increased importance in the presence of the essential cause. Among the predisposing factors may be classed general debilitating diseases, the hereditary in fluence of tuberculosis, syphilis, association with tubercu lous individuals, unhygienic environment, overcrowding, poor food, cachexia; in short, any condition of surround ings or constitution which induces a lowering of the sys temic power to combat infection. Among predisposing causes of more immediate influence may be regarded:
First : Existence of a tuberculous lesion elsewhere in the body, especially pulmonary phthisis with cavitation, and tuberculous disease of the glandular and osseous systems; the former in adults, the latter in infants and children. It is noteworthy, in this connection, that tuberculous ear dis ease of adults where phthisis with cavity formation is pres ent is usually primary in the middle ear; and in children, in whom gland and bone lesions predominate, primary in volvement of the mastoid with secondary progress to middle ear is frequent. The emaciation and debility attend ant upon advanced phthisis, and the recumbent position of the patient, all contribute to the difficulty of free removal of sputum from the eustachian vicinity and facilitate passage of minute particles into the eustachian canal. Ostmann" believes that the loss of fat ground the lumen of the eustachian tube causes such an increase of its diameter that transmission of infection is rendered easy. Virchow considers tuberculous caries of temporal bone as secondary to tuberculosis elsewhere in the body.
Second: Abnormal conditions of the upper respiratory tract, including presence of nasopharyngeal adenoid growths, which have been shown by microscopic examina tion and inoculation tests to be the frequent seat of a latent tuberculosis. Of adenoids removed from otherwise healthy children the following were found showing evidence of latent tuberculosis: Dieulafoy," 20 per cent of thirty-five cases; Gottstein, 14 12 per cent of thirty-three cases; Brindle, 15 12 per cent of eight cases; Milligan, 16 sixteen per cent of his cases. Inoculation tests gave the highest percentage of infection.
Nasal obstructions which interfere with the drainage and ventilation of the nasal fossae and nasopharynx indi rectly offer a predisposition.
Third : Infancy and childhood offer a predisposition for several reasons. Anatomic conditions and relations favor eustachian infection. The exanthemata and other infectious diseases are oftenest encountered in childhood. The fre quency of adenoids and acute or chronic inflammation of other lymphoid structures in the throat, and the greater susceptibility and relatively less resistance of childhood to infection, are all conditions favorable to infection should the opportunity occur. The embryonal character of the mucosa of the infant's eustachian tube and tympanum has been advanced as a cause for the easy establishment of a tuberculous lesion in the middle ear. The temporal bone of the child is soft and contains red marrow, which is not the case in the adult bone.
CHANNELS OF INFECTION.
The pathologic changes in the middle ear and temporal bone are directly excited by the presence of tubercle bacilli, which may be conveyed to the middle ear or its adnexa through the following channels :
1. Mechanically, through the eustachian tube; either air borne or introduced into the tympanic cavity by aid of par ticles of mucus or foreign matter during acts of swallowing, coughing, sneezing or blowing the nose,.
2. Infection along the eustachian tube by other than me chanical means.
3. Through the blood channels. 4. Through the lymphatics. 5. Via the external auditory canal. 6. By extension of an intracranial infection through the internal auditory canal, fallopian canal or the labyrinth. This is mentioned merely as a possibility.
Mechanical conveyance of bacilli to the middle ear is not so improbable as superficial consideration might indicate. A review of certain facts in the anatomy of the tubse vauditivae leads to an appreciation of the facility of this mode of invasion. In adults the eustachian tubes are from thirty-three to thirty-six millimeters in length, and con verge downward, making an angle of thirty to forty degrees with the horizontal plane. The downward inclination oc curs only in the cartilaginous portion of the tube. The height of the lumen of the tube at its pharyngeal orifice is nine millimeters, its width five millimeters, while at the tympanic end corresponding measurements are five and three millimeters." In infants the tube is much shorter, being less than twenty millimeters, and its lumen compara-tively, and, as stated by Eitelberg, actually, greater in chil dren than in adults. In children, too, the tympanic orifice is larger and on a lower level, and the pharyngeal opening much nearer to the choanae and more in line with the respiratory air currents than in the adult. The ciliated lin ing of the eustachian tube tends to remove any extraneous material deposited upon it, but a forcible blast of air in a contrary direction may easily transfer the particle to the tympanic cavity. Milligan 18 has suggested that movements of sucking, initiating to and fro currents of air along the eustachian tubes, favor transmission of infection. He 18 also suggests the possibility of infection from regurgitated curds of tuberculous milk depositing bacilli in the pharynx, tonsil crypts and eustachian orifices. The mechanical mode of infection appears probable in late phthisis, when the ema ciation of the tissues causes the tubes to approach the infantile type, becoming wider in lumen. J. Home 20 has shown that aural tuberculosis is a more frequent complication of phthisis with cavity formation than of any other type. The frequent cough, abundant bacilli-laden sputum, together with the altered tubal con ditions, are favorable to the mechanical theory of infection. The fact that water entering the nasal chambers in swim ming or diving, or during the use of the nasal douche, may find entrance to the middle ear, is familiar to all, and that bacilli in the upper respiratory tract may likewise gain entrance, is highly probable. That politzerization and catheterization carry mucus along the eustachian canal and often into the tympanum is demonstrated by the diag nostic tube. Snuff and smoke have been blown experi mentally into the mastoid antrum. 21 Habermann, Barnich, Cornet and Spira have observed instances of infection through the eustachian tubes.
To me the mechanical theory of infection, especially sec ondary, seems simplest, easiest and most probable in the great majority of cases ; and it is suggested that the greatest uumber of cases occur in early childhood and advanced phthisis, when the conditions favorable to the mechanical passage of infectious material through the eustachian tube are at their maximum.
Not only may the eustachian tube transmit infection without becoming infected, but its lining mucous membrane may permit passage of bacilli into the lymphatic plexuses and subepithelial collections of lymphoid tissue around the lumen of the eustachian tube, without producing any lesion at the site of inoculation. After reaching the submucosa they may produce caseous lesion of the lymph gland, and later be carried to the middle ear, or reach the tympanum directly through the lymphatic vessels, or be carried in by leucocytes. Politzer favors the view that infection reaches the middle ear through the tubal submucosa, and Goldstein states that "over seventy per cent of the inflammatory and infectious processes which involve the ear have their origin in the pharyngeal and nasopharyngeal cavity."
Although the eustachian tube is a very infrequent local ization of tuberculosis, the infection may reach the middle ear by extension of pharyngeal or nasal lupus by direct continuity.
Infection through blood channels from a focus more or less distant may localize itself primarily in cancellous spaces of the temporal bone, and invade the middle ear by extension of the process of infiltration and disintegration. Or infection may come from a préexistent, perhaps qui escent, lesion in bone or gland, or from ingested bacilli introduced into the circulation through the thoracic duct. Many observers regard the hematogenous the most fre quent mode of infection in childhood. Henrici 2 * reports eight cases of tuberculosis of mastoid bone in children with no pulmonary lesion, and considers them to be of hematogenous origin. One case showed slight tuberculous infection of tonsils. He regards the blood path infection as the rule in childhood, and believes the primary involve ment to be in the bone. Cases of hematogenous origin have been reported by Knapp," Wilde, 24 and Hurd. 25 Barnich has shown that this method occurs when the distal infection is in the osseous or glandular system. Lymphatic infection in this locality can occur only in a direction contrary to the lymph current. Such extension occurs elsewhere and is equally possible in this situation. The lymphatic drainage of this area has not been well worked out. Poirier and Cuneo 2T state that the lymphatics' of the cavum tympani empty into the retropharyngeal glands, which also receive drainage from the eustachian tubes. These glands also receive afférents from the upper part of the pharynx and the nasal fossae. Efferent lym phatics run to the superior cervical glands along the internal jugular vein, draining regions peculiarly open to bacterial invasion, and offer a possible avenue of entry for aural infection.
Tuberculous infection through the external auditory canal is infrequent. Bacilli may gain entrance through a perforated membrane or through the tegumentary lining of the canal through an abrasion or without discoverable lesion. Lupus may involve the middle ear by a direct ex tension.
An intracranial origin of middle ear tuberculosis is im probable, and must be of extremely rare occurrence.
Spira recognizes a congenital origin of the disease. 28
PATHOLOGY.
Clinically two rather distinct forms of middle ear tuber culosis manifest themselves: the acute and the chronic. In each may be found all the changes from slight infiltra tion of the mucous membrane to extensive necrosis of the temporal bone. Rapid loss of tissue is characteristic of the acute form, resulting from ulceration of the tubercles throughout the mucosa. Habermann, Winkler and Brieger think that tuberculosis begins in the mucous membrane cf the tympanum, especially on the promontory; Kuesta, in'the antrum, while Bernstein holds that the membrana tympani is the site of the first lesion. In the membrana tympani the tubercles are first confined to the,intima, and may be seen through the transparent membrane after un dergoing caseation. 16 The membrana propria, being more resistant to invasion, is not attacked until the intima is mostly destroyed. Its destruction is said to be due to a process of erosion rather than that of tubercle formation and caseation. Grimmer 2 * found absorption or softening of the intima at isolated points through which the invasion extended to the dermal layer, thus accounting for the existence of multiple perforations. 80 S. Moss 80 found no true inflammation in the membrana propria. In the acute form a grayish or yellowish gray point may occasionally be found in the inferior or posterosuperior quadrant, mark ing the site of first perforation. The membrane is of red dish hue, due to hyperemia, which gives way in parts about the umbo and below to an opaque nonvascular appearance, while the parts near the periphery throughout may show a raised or distended and rounded appearance of yellowish gray color, as if thickened by a greater infiltration than the central part. The greatest hyperemia is seen in the threequarter arc anterior, superior and posterior, between the central white areas near the umbo and the outer circle above described. After perforation mixed infection causes modification of the condition, and rapid destruction of both soft parts and bone ensues.
In the chronic form the process runs an asthenic coursé, and infiltration, caseation and necrosis follow less rapidly and with more characteristic tuberculous sequence. Gran ulations are flabby, pale and anemic as compared with the vascular, reddish granulations of pyogenic infection. They may fill the cavum and protrude through a perforated membrana, or the external auditory canal may be occluded by them. The mastoid cells may be replaced with a mass of such granulation in which Milligan 31 found giant cell formation, caseation and other characteristic tuberculous changes. In the chronic form, circumscribed miliary tu bercles develop on the superficial membrane of the tym panum and undergo caseation and ulceration, with giant cell formation. Politzer and Brieger found destruction of mucous membrane of cavum exposing bare bone. Hart mann considers the typical place of first perforation the lower half of the membrana tympani; Buck, 32 the upper posterior quadrant. Grimmer 29 found that advanced tuber culous changes may take place in the mucous membrane of the tympanum, or in the tympanic membrane itself, with out producing visible evidence through the external auditory meatus.
Marked resistance is shown to thé process of necrosis by the periosteum and dura, and often extensive destruction of bone is limited by these structures in seemingly normal state. The sheath of the facial nerve, as demonstrated by one of my cases (case 1), resisted the invasion of a very extensive necrosis. The fallopian canal, also, on account of its density and perhaps its abundant blood supply, offers marked resistance to invasion. The frequency of facial paralysis in children may be due to the bone being softer than in adults, and to its incomplete ossification.
The ossicular chain is early attacked, and may be found in any stage of necrosis. Haike 33 mentions caries of the footplate as being often present. Perforation of the fenes tra ovale follows the destruction of the footplate, and with a similar condition in the fenestra rotunda the infection gains access to the labyrinth, causing marked deafness and vertigo. According to Milligan, perforation of the fenestra!; occurs in one-third of all cases.
Caries may attack the blood vessels, resulting in hemor rhage and thrombosis, as reported by Koessel. The petrosquamosal sinus is supposed to offer an avenue of infection from the middle ear, Cheatle 34 reporting a case of miliary tuberculosis originating in this way.
Brieger says spread of the disease to the brain is not common, except in children, owing to fibrous tissue forma tion closing the lymph spaces.
Mastoiditis is a frequent complication. The mastoid pro cess is often the site of a primary lesion.
Jobson Horne 35 believes that early glandular enlargement results from primary tuberculous middle ear disease, and is seldom found in secondary involvement. This has been the case in the author's experience. Why this should be true is not apparent. In a primary infection the proximal glands must constitute the line of defense between the focal infec tion and the rest of the body, and this duty is constantly Derformed.
If the aural condition is secondary to a pul monary or general tuberculosis, a systemic infection has already ensued, and there is no area of demarkation and consequently no line of defense. The mastoid and preau ricular glands are first enlarged, and later the retropharyn geal and deep cervical. It has been demonstrated by Poirier and Cuneo 27 that the retropharyngeal glands receive afferent lymphatics from the middle ear and also from the pharynx, and since infection has been known to travel against the lymph stream, it is possible that the retro pharyngeal gland infected from a diseased pharynx may in turn convey infection to the middle ear. Conversely, it has been suggested that retropharyngeal abscesses may have resulted from tuberculosis of the ear.
Intracranial complications in tuberculosis of the ear are rare, compared to that of pyogenic otitis (Politzer, Jobson Home). According to Mathews, 88 it is not infrequent. Macewen 37 reports ten cases of meningitis of tuberculous origin, five of which had intact membrana tympani, the internal auditory meatus being the avenue of infection in five of the cases. He reports one case resulting in miliary tuberculosis from infection through the lateral sinus. Intracranial abscess seldom complicates this disease, but may occur as the result of mixed infection gaining entrance through necrosed areas at tegmen tympani, about lateral sinus, or even through the internal auditory canal (Mathews 36 ). The necrosis may extend outward, causing Bezold's perforation and a subperiosteal abscess about the mastoid tip, or a gravitating abscess into the neck. Fistu lous tracts near the mastoid may lead through the skin directly into a careonecrotic mass pervading the whole mastoid and labyrinth.
In primary cases, especially in children, the infection may pass through the eustachian tube and into the ali mentary canal and cause a tuberculous enteritis.
SYMPTOMS.
In determining whether an otitis is tuberculous or not, we must first consider whether the patient shows symp toms in general of tuberculous disease; loss of weight and pyrexia being the most characteristic. In a primary tuber cular otitis, emaciation would not be expected early, not until dissemination supervenes; but in secondary involve ment the system is already toxic, and tissue waste in the majority of cases is considerable. Diarrhea often compli cates the case and adds its quota to the wasting disease. Extreme dryness of the skin and an occasional rash may also occur.
In primary cases, and before pyogenic microorganisms are superimposed, the temperature may, on account of the asthenic condition, remain low, being atypical of the pyrexia characteristic of a systemic tuberculous condition.
But if the chart be watched carefully the simulation of the typical swaying temperature will sooner or later manifest itself. Mixed infection may at any stage of the disease modify the expected rhythm and immediately cause a pyrexia not at all unlike that of a fulminating otitis of pyogenic origin. The distinction between the acute and chronic forms of the disease is probably a matter of asso ciated pyogenic infection in the former. In my opinion every uncomplicated case, either primary or secondary (unless of miliary type), would present symptoms of the chronic type. In each type absence.of pain is the essential symptom differentiating it from otitis of other genesis. Even though the destructive process is rapid and the appearance of the membrana per se simulates an acute purulent otitis, there is seldom any complaint of pain. In case 5, where in four days the lower half of the membrane was de stroyed, there was entire absence of pain. As long as the condition remains characteristically tuberculous and the ravages of pyogenic microorganisms are absent, the pro cess is painless. Pritchard suggested that the early perfora tion of the membrana tympani relieving the tension of the cavum accounted for the lack of pain, but, as shown by Macewen's 37 cases, five resulted in intracranial complica tion without rupture of the membrana, and no doubt had a painless beginning. It is also to be remembered that the membrane does not perforate early. It has been suggested that in the breaking up of the bacilli into wax and alcohol, the alcohol liberated into the tissues produces an anesthetic effect. We do know that tuberculous lesions in general are fortunately painless, and tuberculous otitis is no exception.
In the acute form a view of the membrana tympani shows, at first, little to differentiate the condition from a myringitis of nontubercular etiology. There are, however, usually two points characteristic. Seldom is the hyperemia uniform over the membrane, nor is it confined along the manubrium and Schrapnell's membrane, as is often ob served in the other otites, but, on the contrary, there exist clearly circumscribed areas of paleness and opaqueness, whose location is at variance from what would be expected from the anatomic distribution of thé blood vessels. This pale area is most often found in the lower part of the mém-brane, including the tip and lower third of the manubrium, and extends near but not quite to the periphery. Accord ingly, a second small area (and at times the only area) is immediately posterior to the short process. These areas remain pale, become thicker, as does the membrane throughout, and are invariably the points of first perfora tion, the destructive process being limited at first closely to the margins of what constituted the pale area. In no other condition have I found this marked contrast and, to me, typical appearance of the tympanic membrane. These areas appear flatter than the hyperemic adjacent parts, which latter are seemingly distended, as is a membrana in acute purulent otitis with pressure. The other characteristic condition, always present, which can be perceived, is the thickening; and the amount of thickening is in direct pro portion to the acuteness of the condition in acute and to the duration in chronic cases. In case 5 a large perforation occurred, corresponding to the previous pale area, during an act of sneezing, when a hissing noise in the ear was ac companied with a slight aural discharge.
There is nothing characteristic of the discharge, save the presence of the tubercle bacillus, occasionally found; and some observers believe that their presence does not in itself absolutely prove the existence of the disease. At first watery and inoffensive, occasionally blood stained, the dis charge soon becomes thick or thin, copious or scant and of fensive, according to the progress of the disease, whether a pyogenic infection intervenes, and whether a careonecrotic process is present. Spicules of bone (as in case 1), seques tra and ossicles may be found in the discharge.
Granulations may appear at the point of perforation in chronic cases, and remain there, flabby and pale, blocking the exit of the discharge. They may even fill the tympanum or protrude through a large perforation, partly or com pletely filling the external auditory canal ( as in cases 1 and 2). Microscopic examination of these granulations may reveal tubercle, giant and epitheloid cells, caseation and tubercle bacilli (Milligan) .
Carious areas may be felt on the inner tympanic wall or in the ossicles early in the disease. It is believed by some that the process begins in the bone, that tuberculosis of the ear is essentially a bone tuberculosis, and usually a part of a general condition. Often a probe can be passed backward through a perforation of the posterior canal wall into the mastoid. In case 1 a fistulous opening in the posterior canal wall in each ear led into the mastoid, which was filled with granulation. No resistance may be felt as the probe enters the soft caseous mass replacing the labyrinth, or the pars mastoidea and labyrinth may form one or more large séquestras. Fistulous opening near the mastoid tip may occur in chronic cases.
Facial paralysis is frequently observed in primary cases and in children, and less frequently in secondary involve ment and in adults. It may be suddenly complete, but usually is partial at first, affecting areas supplied by certain fibers.
DIAGNOSIS.
In determining the diagnosis, the family history should be carefully considered with regard to tuberculosis, and the patient's habits, residence and environment should be as certained to determine whether he has been unduly exposed to tuberculous persons, or unhygienic surround ings. Case 2 lived with parents, both of whom were tuber culous, and since dead of the disease. Case 3 had a tuberculous mother, since dead of pulmonary, tuberculosis. The matter of environment plays an important part, espe cially in children. In the adult the personal history is, perhaps, of equal importance, and whether the subject had, at this time, or has had (now latent) pulmonary or other tuberculous lesions. Cases 4 and'5 had phthisis pulmonalis in active state. Much coughing predisposes to the affec tion by mechanically infecting the pharynx and eustachian tube with sputum. The absence of pain, as noted in the symptomatology, the loss of hearing, sometimes complete, and the rapid invasion of the disease, are pathognomonic of otitic tuberculosis. It is stated that sarcoma of the ear is also painless.
Facial paralysis, especially in children, occurs in onethird of the cases, against one to two per cent in nontubercular conditions. It is of special diagnostic signifi cance.
While the copiousness of the discharge may not differ from that of other suppurative conditions, its sanious and foul condition excites suspicion, and especially when par ticles of bone (as in case 1) are incorporated. Gaudin attaches importance to the character of the granulations. Marked impairment of hearing, absence of headache and occurrence of hemorrhage are diagnostic points mentioned by Horne. Politizer 38 emphasizes the rapid destruction of the membrane and early caries, while Haike 89 attaches much importance to necrosis of the footplate of the stapes.
Brieger 40 considers tuberculin injections as a valuable aid to diagnosis, especially in chronic cases. In one of his cases the reactive swelling was so great as to cause facial paralysis, the previously pale tympanic mucosa became infiltrated, and the previously negative examination of dis charge showed numerous tubercle bacilli.
Recent investigations of the blood pressure in tubercu losis tend to show that a condition of hypotension exists continuously in the pretubercular state (Faught 41 ).
The only positive means of diagnosis are : 1. Finding microscopically in the discharge or granula tion the tubercle bacillus; or 2. Giant and epitheloid cells and caseation in the tissue.
By experimental inoculation reproducing tuberculosis.
The bacillus tuberculosis can be found in about fifty per cent of the cases. It is difficult to find after pyogenic bac teria gain access and increased putrefactive changes have occurred. Gruber, Politzer and Bernstein do not con sider presence of tubercle bacilli in aural discharge as absolute proof of tuberculous infection, while Gottstein, Koenig and Marschand think that failure to find tubercle bacilli is of little diagnostic importance. Siebenmann and Milligan use inoculation tests in diagnosis, while Brieger considers microscopic examination of tissues reliable. We should not forget that nontuberculous infection may, and often does, occur in subjects suffering from pulmonary or other tuberculous lesions. Every suspected case should be examined, however, in order that, in primary cases especially, an early diagnosis may be made, and appropriate treatment, hygienic, therapeutic or surgical, be instituted.
Much has been written concerning the differentiation between the tubercle and other acid-fast bacilli which simu-late it. It is true that the average observer cannot with the means usually at hand in his laboratory make the dis tinction. The bacillus smegmas, bacillus subtilis, bacillus butyricus are among these, but their occurrence is so unlikely that they are negligible; at any rate, it is safe to consider any case showing an acid-fast bacillus as true tuberculosis, and treat accordingly until the contrary is proven.
PROGNOSIS.
The prognosis of middle ear tuberculosis is, as a rule, unfavorable. It is so because usually it is a complication of a general tuberculosis, the prognosis of which is unfavor able ; or it is a primary process in an infant illy nourished, marasmic, syphilitic or tuberculous, which conditions themselves, without an otitic focus, may threaten the child's life. The middle ear process, per se, is not so unfavorable as has been pictured, unless advanced or miliary tubercu losis of lungs or other organs militate against the repair of the secondary complication. Crockett 42 considers the prognosis of tuberculous otitis in infants as favorable as of ordinary septic infections. The prognosis is unfavorable in acute cases, especially in advanced pulmonary tubercu losis, and as a rule marks the beginning of the end. It is unfavorable if the symptoms of labyrinthine involvement or facial paralysis are present. It is favorable when arising in cases of chronic pulmonary tuberculosis, and especially when of a chronic type. In such cases the condition of the ear is as a barometer, indicating by its exacerbations the activity in the lung or other affected organ. The otitic con dition will, as a rule, improve or not as the general condi tion improves or grows worse; and this suggests that in chronic cases the treatment is essentially that of the general condition-hygienic, dietetic, medical and surgical, as the case indicates.
TREATMENT.
The treatment naturally divides itself as above enumer ated. For the lack of space the hygienic and dietetic, al though of vast importance, will not be considered ; nor will the internal treatment, except the use of tuberculin, be given.
USE OF TUBERCULIN.
The use of tuberculin has proven so successful in so many forms of tuberculosis that no tuberculous process in any way localized can be considered invariably to contraindicate its use.
The question of tuberculin therapy is such a broad one that its mention here must be confined practically to gener alities. The choice of the particular member of the tuber culin family (now numbering about seventy varieties) is of less importance than familiarity on the part of the administrator with the product he is using. Theoretically, Bacillen emulsion (Β. E.) should confer a greater amount of antitoxic immunity, and old tuberculin (Ο. T.) and bouil lon filtrate (B. F.) a greater amount of antibacterial im munity (Ringer 43 ). Practically the same end result can be reached with any of these products of the tubercle bacillus. The object in giving tuberculin is, of course, the stimulation of the natural specific resisting forces of the body toward the production of an active type of immunity to the tubercle bacillus and its toxins.
As to the advisability of using tuberculin in tuberculous middle ear disease, so great an authority as Politzer dis misses the matter with the curt sentence: "Injections of tuberculin have proven worthless." The writer can see no reason why it should not be indicated and of decided value in properly selected cases. It should, of course, not be used in acute fulminating cases, for here the body is already overburdened with toxins, and the reactive forces are exhausted beyond the power of stimulation by tuberculin. We know, however, that the tuberculous process is prac tically the same wherever situated; we have all seen bril liant results obtained by the use of tuberculin in tubercu lous laryngitis, lupus, testicular tuberculosis, tuberculous adenitis and bone and joint tuberculosis, to say nothing of the vast army of pulmonary cases whose lives have been prolonged and health restored, partly by the aid of tuber culin. With these indisputable facts before us, why exclude tuberculosis of the middle ear from the category of those affections that tuberculin can and does aid?
One of the great obstacles to our gaining a knowledge of the beneficial effects of tuberculin in tuberculous otitis media lies in the fact that as a primary condition it is rela tively rare, so that we are usually face to face with a tuberculous process antedating the middle ear involvement. Furthermore, this tuberculous process may be of such a na ture or in such a stage as to contraindicate the use of tuber culin. The fundamental proposition, however, holds true, that tuberculin, if it be of aid in any given case, is of aid in the most rational and satisfactory manner, by striking specifically at the cause of the trouble, and by producing the most lasting results in stimulating and enhancing the natural immunizing forces of the organism.
Practically no details as to dosage and method of admin istration can be given in an article of this scope, for almost every physician experienced in the use of tuberculin (and the remedy is not one to be used freely by the inexperi enced) has his own preference for the particular product used, the frequency of dosage and the scale of increase. As stated above, the particular tuberculin employed is of no great importance. What is, in the writer's opinion, the most important element in tuberculin therapy, is the cor relation of the size of the dose and the tolerance of the patient. These two elements can never be dissociated, and their interdependence disposes at once of any attempt to give tuberculin by rule of thumb. Any tyro can diagnose a violent systemic tuberculin reaction with its chill, fever, malaise, and increase in all preexisting symptoms, to say nothing of the appearance of new ones ; but any tyro is not qualified to administer tuberculin. Local reactions at the site of injection are easy to diagnose-the brawny redness and more or less extensive infiltration being pathognomonic objective signs, while the pain, discomfort and complaints of the patient are insistent and convincing subjective inci dents. Both of the preceding types of reactions are, how ever, easier to diagnose, of less frequent occurrence, and also of lesser importance than the focal reaction, which is a clinical expression of the specific action of tuberculin upon the focus of disease. The focal reaction should be the more carefully studied and the more familiar to the phy sician in those lesions of tuberculosis that offer themselves to direct inspection, such as lupus, the larynx, and the ear. Slight changes in local appearances, a slight swelling, in-creased congestion, whether or not united to subjective local sensations (increased pain or deafness), or objective symptoms (increased discharge), should warn the adminis trator of tuberculin that he is nearing the limit of his patient's tolerance. This limit it is most desirable to reach, but most dangerous to overstep, for it is in the overstepping that harm-sometimes temporary, sometimes irreparablemay be done. It should ever be borne in mind that the size of the dose divorced from the tolerance of the patient is of absolutely no value, and that apparently minimal doses in patients highly sensitive to tuberculin are of just as much therapeutic benefit as are massive doses in other patients possessing relative tuberculin insusceptibility. Haste has no place in tuberculin therapy, and to haste-to the desire to "get to big doses"-is ascribable much of the odium that has been vented upon this important remedial agent.
The duration of tuberculin treatment is as yet a knotty and unsettled point. It is the general consensus of opinion that no course of tuberculin will prove of lasting benefit that does not extend over several months. There are, for the various preparations, arbitrary maximal doses which should not be surpassed. Very few patients, however, ever reach these doses. In health resorts the patient's departure for home too often determines prematurely the cessation of tuberculin. Where time plays no part, one should be guided by the condition of the local lesion and the tolerance of the patient. If the local condition be satisfac tory, and the patient exhibits signs of intolerance to a given dose, it is well to drop slightly down the scale and to repeat the amount decided upon several times. If upon increase in tolerance is again evident, a cessation of tuberculin for a few months is desirable. Supplementary courses of tuberculin are to be counseled, even in the absence of any recrudes cence of the disease, as a prophylactic measure. Such courses should be given not more frequently than every six months, and not more infrequently than every eight months. They can be gone through with more rapidity than the initial course, as the previous tolerance of the patient is already known, and they serve to preserve and to heighten the degree of immunity to tuberculosis.
SURGICAL.
The membrana tympani in any case of tuberculosis of the middle ear should be incised early. This should not be delayed until perforation occurs (as in case 5, in which the lower half of the membrane sloughed away during a night). The incision should be through the portion show ing the greatest infiltration, usually the pale, opaque area found below or posteriorly. It should be done for the sake of drainage of the middle ear, for the relief of the infiltra tion of the membrana itself, and for ventilation. The cond J tion of the eustachian tube is invariably relieved after perforation or incision of the membrane, as is the middle ear, and we are imitating nature's method when we incise early. In this case the usual symptoms of bulging and ten sion are wanting, and if we wait for these, the membrana may melt away between office visits, leaving a larger per foration than remains after incision. After ample paracen tesis the eustachian tube and middle ear should receive the same toilette as is indicated in nontuberculous conditions, the dry wick often replaced being indicated. Of local rem edies, iodoform and iodin derivatives have given best re sults. The use of sunlight directed by the reflection from a concave head mirror on the tympanic membrane for five or ten minutes each day has seemingly been of benefit in certain chronic cases, and I would strongly advise its use where the local process appears to be confined to the mem brane. With hygienic, dietetic and tuberculin treatment increase the opsonic index to the point of tissue resistance, with the hope of limiting the process to the tympanum proper. If the process continues to the mastoid or laby rinth, as evidenced by the symptoms, lose no time in resort ing to whatever surgical interference is indicated for a thorough eradication of the invaded tissue.
Care should be exercised in the choice of an anesthetic and an anesthetist, in case of pulmonary involvement, or of other marasmic condition, and to the same end the opera tion should be concluded with the greatest expedition in keeping with thoroughness and safety.
In the after-treatment the general condition should re ceive the careful attention of one accustomed to handling tuberculous cases, especially the hygienic and dietetic care.
Outdoor advantages should be had as soon as possible, and every available means used to combat the general infection and establish a resistance against the disease.
REPORT OF CASES.
The following five cases are reported, not because they are singular in nature or present any new features, but as representing some of the types of aural tuberculosis com monly seen. They are chosen from cases which fortunately are still living, and consequently the postmortem findings, always of interest to the student of pathology, cannot be given. The diagnosis in these cases was made clinically and with the microscope, none of the tissues having been used for inoculation to confirm the findings. Case 1.-J. B. B.; born in 1884, aged twenty-four years; male. No family history of tubercuolsis. Patient had, in childhood, measles and chickenpox. Pneumonia at twelve years. In 1904, during an attack of 'grippe, had pain in left ear, followed by discharge, with rapid loss of hearing. In 1905 the right ear began to discharge, without pain, and with rapid loss of hearing. Discharge and deafness were first symptoms observed. Both ears continued to dis charge, and deafness to increase until February, 1908, when patient first consulted me.
Examination of left ear revealed foul smelling discharge, containing gritty débris and particles of bone, membrana tympani absent, granulations in tympanum, and perfora tion in posterior wall of canal leading into mastoid cavity containing necrosed bone. Right ear in similar condition, excepting the perforation of posterior canal wall. Operation on left ear exposed large mass of flabby pale, granulation tissue, with here and there large sequestra replacing mas toid cells. Necrosis had involved the facial canal, and the facial nerve lay in this mass of débris, protected only by its sheath. Chest examination at this time was negative, as was sputum examination, made two months previous. In May, 1908, the right ear had become worse, the pos terior canal wall having likewise perforated. Operation revealed the same conditions as found in the left ear, with added extension of necrosis into the labyrinth. This ear also recovered. Both ears remain well up to the present time, excepting the need for occasional attention on ac count of the eustachian tubes remaining patent. At time of second operation the lungs showed evidence of involve ment, which progressed to cavitation, but, notwithstanding, the patient>has recovered, and is earning a good salary in a bank, where he has served since 1909. He has enough hearing in the left ear to enable him to dispense with artificial aid to hearing. After the lung condition became manifest he received tuberculin treatment for some time.
Case 2.-M. S. ; female ; aged twelve years. Mother died of tuberculosis when patient was nine months old. Patient was breast fed first three months. Father developed pul monary tuberculosis when child was one year old, and died of the same. When patient was three years old swell ing over the left mastoid occurred, without pain, discharge or any symptom calling attention to the ear. The mastoid swelling was incised, leaving a sinus through the cortex, filled with pale granulations and discharge. The sinus was curetted several times. At four years of age the mastoid was opened, but failed to heal. One year later another surgeon operated, removing granulation tissue and necrosed bone. The wound again failed to heal, and discharge per sisted for the next seven years through an opening the size of a dime resulting from the previous operations.
In 1907, at the age of twelve, when patient was first seen, there were present foul smelling discharge and masses of pale granulations in the tympanum and projecting from the posterior opening, through which bare bone could be felt. Operation in 1907 showed the entire mastoid cavity, zygomatic cells and the labyrinth to the apex of petrous bone filled with granulation tissue and sequestra, contain ing typical cheesy masses, giant and epitheloid cells. Everything was curetted away down to the internal table, and after cauterization of the bony wound with phenol and alcohol the wound healed kindly. In June, 1911, dis charge from the ear recurred and a large cholesteatoma was removed from the mastoid area. Since this time the ear has remained well and the patient in good health, show ing no evidence of tuberculosis elsewhere in the system. Case 3.-G. W. ; colored, female ; aged four years. Mother had pulmonary tuberculosis when child was born, and since died of the disease. Child was well until one month ago, when she began to have fever, discharge from left ear, tenderness and swelling, but no pain over the mas toid. Operation in November, 1907, revealed the mastoid process filled with granulations, showing typical tuber culous changes on microscopic examination. The mastoid wound healed satisfactorily, but discharge from the ear has continued to the present time. In 1911 the tonsils and adenoid were removed with but little benefit to the ear or general condition, which latter remains below par, not withstanding the absence of definite evidences of tuber culosis.
Case 4.-E. E. S. ; aged thirty-five years ; musician. Pul monary tuberculosis in chronic form for fifteen years. Last six months has had slight activity, but not sufficiently severe to interfere with vocation. Two months ago noticed feeling of fullness and impairment of hearing of right ear, continuing to progress steadily and without pain or other discomfort.
Two weeks later, at first visit, bone conduction was intact, but there was considerable interference of air con duction in lower scale. The usual landmarks of manubrium, light reflex, etc., were obscured by the infiltration present. The slight hyperemia over the posterosuperior quadrant soon subsided, leaving the membrane uniformly nonvascu lar and thickened in appearance. Sunlight directed on the membrane each day with concave head mirror has been the only treatment except tuberculin, which was begun at the onset of the aural complication. The hearing is gradually improving, as are the objective symptoms.
Case 5.-G. P. ; male ; aged twenty-four years ; no family history of tuberculosis. Engaged in athletics at college, and soon after graduation (two years ago) symptoms of pulmonary tuberculosis developed, which have continued in subacute form ever since. Has resided in sanitarium most of last year, and had less than one degree of temper ature during past six months. State of nutrition good, and general condition is apparently excellent.
Consultation one month ago gave history of a feeling of fullness and sudden deafness of right ear two days pre viously, but no pain, vertigo, or tinnitus. Examination re-vealed a membrane consîderly distended in the posterosuperior quadrant, which was highly injected; the lower half being flat, anemic, and containing no visible blood ves sels. The membrane throughout was greatly infiltrated, and the upper distended hyperemic area and the lower flat pale area were clearly defined. Near the periphery, all around, there was apparently greater infiltration of the membrane, giving it a distended and yet slightly trans parent appearance. But at the next visit, four days later, he stated that on the night before, he had, during an act of sneezing, noticed a hissing sound in the ear, and afterwards a discharge. Examination showed the lower third of membrane sloughed away, a watery discharge, and a pseudomembranous coating, extending over the dermal layer of remaining portion of membrane and on to the adjacent canal wall. There had been no pain from the beginning, although the process had been very acute. Four days later the condition about the same, except slightly more discharge, destruction of membrane remaining the same, and corresponding to the anemic area observed at first visit. Tuberculin treatment was begun after perfora tion occurred, but a slight reaction followed a dose of 0.00001 gram, indicating a high degree of toxemia. A few days later he was able to take smaller doses without reac tion, and the activity is seemingly subsiding.
